INTRODUCTION {#sec1-1}
============

Memory is an important function in the brain, and is the ability of an individual to record information, retain and recall them whenever needed and more over, use of this information to adapt the responses to environment hence it is vital for survival.\[[@ref1]\]

Memory and learning are long-lasting modifications in central nervous system and involve activation by some neurotransmitters, such as acetylcholine, dopamine, and serotonin.\[[@ref2]\]

There are several evidences of epidemiological researches that show significant correlation between dietary intake of vegetables and cognitive function improvement in elderly people. For example, aging women who consume cruciferous vegetables showed less cognitive decline than the others that didn\'t eat them.\[[@ref3]\]

Medicinal plants have been primary source of medicines and are rich sources of secondary metabolites and oils that are important in therapeutics. The most important advantage of them is their low price and availability worldwide beside their safety.\[[@ref4]\] So, among a lot of self-medication worldwide which is considered a sa terrible problem for health system,\[[@ref5]--[@ref8]\] self-medication with plants is safer and has been done worldwide for decades.\[[@ref9]\]

Sweet basil (*Ocimum basilicum* L.) a member of Lamiaceae is an aromatic, herbaceous, autogamous plant that is annual and perennial.\[[@ref10]\] This plant is 20-60 cm long, white-purple flowering plant, and is originally native to India and other regions of Asia and also Africa, South America, and the Mediterranean but widely cultivated in many countries.\[[@ref11][@ref12]\] *sweet basil* is used in Mediterranean cuisine and foods such as soup, cream cheese for sandwiches and pasta dishes,\[[@ref13][@ref14]\] and in Iran as vegetable and food flavoring.\[[@ref15]\] Also Combination of Umbilicus intermedicus, Rumex and *Ocimum* leaves are used in treatment of burn in some western states of Iran.\[[@ref16]\]

Different varieties of this plant has been recognized as a medicinal plant in folk medicine from ancient time.\[[@ref17]\] *Sweet basil* is used as cardiotonic, abdominal pain reliever, anti-diarrhoea medicine, hypolipidemic plant hypoglycemic agent, anti-inflammatory and anti-oxidant.\[[@ref13]\] More over it has been traditionally used for treatment of a variety of neurological disorders such as anxiety, headaches and migraines, nerve pains, inflammation, cough, cold, digestive disorders, chest and lung complaints, fever, insect bites, menstrual cramps, sinusitis and as carminative and antispasmodic.\[[@ref15][@ref18]\]

Based on the mentioned evidences, we conducted the present study to assess the effect of hydroalcoholic extract of green *Ocimum basilicum* on retention and retrieval of memory in mice and to determine its possible mechanism of action.

MATERIALS AND METHODS {#sec1-2}
=====================

Animals {#sec2-1}
-------

Male albino NMRI mice weighing 20-25 g were used throughout the study. The animals were obtained from Pasture Institute (Tehran, Iran) and were kept in an animal house with a 12-h light/12-h dark cycle and controlled temperature (22 ± 1°C) with relative humidity of 45-55%. They were housed in groups of 8 in Plexiglas animal cages and were given free access to food (Pars Khorakdam, Shushtar, Iran) and tap water. All experiments were performed between 8:00 a.m. and 2:00 p.m. from May to August, 2010 in Qom University of Medical Sciences, School of Medicine and each animal was used once. The experimental protocol was carried out in accordance with the Research and Ethics Committee of Qom University of Medical Sciences.

Plant material and preparation of extracts {#sec2-2}
------------------------------------------

Leaves of green *Ocimum basilicum* were purchased from a grocery in Tehran, Iran and identified at Traditional Medicine and MateriaMedica Research Center herbarium, ShahidBeheshti University of Medical Sciences, Tehran, Iran. The leaves were allowed to dry in shadow until desiccated. The dried leaves were crushed into powderand stored at room temperature in appropriate container. 100 g of the powder was extracted using ethanol 80% (v/v) by maceration. The extract was separated and filtrated by Watman filter papers. The prepared extract was concentrated by vacuum evaporation and then it was dried in low temperature.

Preparation of doses {#sec2-3}
--------------------

The doses of 100, 200, 400 and 800 mg/Kg of the hydroalcoholic extract of green *Ocimum basilicum* were used. Doses were selected on the basis of dry weight of extract and sodium chloride 0.9% was used as solvent. All doses were intraperitoneally administered as mentioned in passive avoidance test.

Passive avoidance test {#sec2-4}
----------------------

Two groups of animals used for retention and retrieval experiments. Each group subsequently divided into six sub-groups (each of 8 animals). The first to fourth groups received *sweet basil* extract 100, 200, 400 and 800 mg Kg^-1^, respectively. The fifth group received normal saline (1 ml/100 g) as (Blank) group and the sixth group was untreated control. Each animal was used only once.

Step-down latency in passive avoidance is a suitable test for memory in mice.\[[@ref19]\]

The step-down apparatus used to test passive avoidance, consisted of a Plexiglas box (25 × 25 × 30 cm^3^) with a floor that consisted of parallel stainless steel rods (0.3 cm in diameter, spaced 1 cm apart). There was a round Plexiglas platform 1cm high and 9 cm in diameter which could be enclosed by a 20 cm long hollow glass cylinder with an inner diameter of 10 cm. Electric shocks (1 Hz, 0.5 s and 45VDC) were delivered to the grid floor by an isolated stimulator (Pashmforush Co, Ahwaz, Iran).

On first day, groups of 4 animals were given access to learning apparatus for 3 min to familiarize them with the new environment. On second day, the mice were individually placed on the round Plexiglas platform inside the cylinder. After 10 seconds the cylinder was removed and the step-down latency was measured. Animals that had latencies longer than 30 sec were discarded.\[[@ref20]\] On third day, the same procedure was followed as on second day, except that a 1 sec foot shock (1 mA) was administered as soon as the animals left the platform with all 4 legs. For studying the effects of *Ocimum basilicum* on memory retention, the animals were injected (ip.) with normal saline or *Ocimum* extract immediately after foot shock and on fourth day, the mice step-down latency was measured.

For memory retrieval study, anything was injected to mice on third day of study while on fourth day, normal saline or *sweet basil* extract were intraperitoneally injected 30 minutes before mice step-down latency test.

Statistical analysis {#sec2-5}
--------------------

Results are expressed as means ± SEM. The data were analyzed using one-way ANOVA followed by LSD test. Calculations were performed using the SPSS statistical package (SPSS Inc., Chicago, Illinois, USA) for windows version 19, and a difference with *P* \< 0.05 between the experimental groups was considered statistically significant.

RESULTS {#sec1-3}
=======

Effect of hydroalcoholic extract of green *Ocimum basilicum* L. on memory retention {#sec2-6}
-----------------------------------------------------------------------------------

[Figure 1](#F1){ref-type="fig"} shows the effects of hydroalcoholi cextract of green *Ocimum basilicum* (100, 200, 400 and 800 mg/Kg *ip*.) on memory retention in the passive avoidance step down test in 4^th^ day of study.

![Comparison of step down latency on 4^th^ day in mice re-ceiving *sweet basil* extract (100, 200,400 and 800 mg/Kg), normal saline and untreated in memory retention test. Significant difference between day 4 of extract groups with control is shown as \*\**P* \< 0.01. Control: No injection, Blank: Normal saline (1 mL/100g). Data are mean ± SEM. (*n* = 8)](ASL-31-185-g001){#F1}

A one-way ANOVA revealed that *Ocimum* extract significantly (*P* \< 0.05) increased step-down latency in passive avoidance task. Post hoc analysis by LSD indicated that 400 mg/Kg extract is the most dose as memory retention enhancer [Figure 1](#F1){ref-type="fig"}.

[Figure 2](#F2){ref-type="fig"}, shows comparison of step-down latency between 2^nd^ and 4^th^ day in mice, received *Ocimum* extract (100, 200, 400 and 800 mg/Kg *ip*.), normal saline and untreated group, in memory retention test.

![Comparison of step down latency between day 4 and day 2 in mice received *sweet basil* extract (100, 200, 400 and 800 mg/Kg), Normal saline and untreated in memory retention test. Significant difference between day 2 and 4 is shown as \*\*\**P* \< 0.001, \*\**P* \< 0.01 and \**P* \< 0.05. Control: No injection, Blank: Normal saline (1 mL/100 g), Data are mean ± SEM. (*n* = 8)](ASL-31-185-g002){#F2}

A one-way ANOVA showed that *sweet basil* extract significantly (*P* \< 0.05) increased step-down latency on day 4 in comparison with day 2, indicating memory retention enhancer. Post hoc analysis by LSD revealed that intraperitoneal administration of Ocimum extract (200 and 400 mg/Kg) significantly (*P* \< 0.05) increased step-down latency on 4^th^ in comparison with 2^nd^ day.

Effect of hydroalcoholic extract of green *Ocimum basilicum* L. on memory retrieval {#sec2-7}
-----------------------------------------------------------------------------------

[Figure 3](#F3){ref-type="fig"} reveals the effects of hydroalcoholic extract of green *Ocimum basilicum* (100, 200, 400 and 800 ip. mg/Kg) on memory retrieval in the passive avoidance step down test, in 4 ^th^ day of study.

![Comparison of step down latency on 4^th^ day in mice receiving *sweet basil* extract (100, 200,400 and 800 mg/Kg), normal saline and untreated in memory retrieval test. Significant difference between day 4 of extract groups with control is shown as \*\**P* \< 0.01 and \**P* \< 0.05. Control: No injection, Blank: Normal saline (1 mL/100 g). Data are mean ± SEM. (*n* = 8)](ASL-31-185-g003){#F3}

A one-way ANOVA showed that *Ocimum* extract significantly (*P* \< 0.05) increased step-down latency in passive avoidance task. Post hoc analysis by LSD indicated *Ocimum* extract (100, 200 and 400 mg/Kg) increases retrieval of memory and 400 mg/Kg of extract is the most effective dose as memory retrieval enhancer.

[Figure 4](#F4){ref-type="fig"}, reveals comparison of step-down latency between 2^nd^ and 4^th^ day in mice, received *Ocimum* extract (100, 200, 400 and 800 mg/Kg*ip*.), normal saline or untreated group.

![Comparison of step down latency between day 4 and day 2 in mice received *sweet basil* extract (100, 200, 400 and 800 mg/Kg), Normal saline and untreated in memory retrieval test. Significant difference between day 2 and 4 is shown as \*\*\**P* \< 0.001 and \**P* \< 0.05. Control: No injection, Blank: Normal saline (1 mL/100 g), Data are mean ± SEM. (*n* = 8)](ASL-31-185-g004){#F4}

A one-way ANOVA showed that *Ocimum* extract significantly (*P* \< 0.05) increased step-down latency on 4^th^ day in comparison with 2^nd^ day, indicating memory retrieval enhancer. Post hoc analysis with LSD revealed that intraperitoneal administration of *Ocimum* extract (100, 200 and 400 mg/Kg) increased step-down latency on 4^th^ day in comparison with 2^nd^ day. While the 800 mg/Kg of extract didn't significantly (*P* \> 0.05) increase memory retrievalon 4^th^ day in comparison with 2^nd^ day of study.

DISCUSSION {#sec1-4}
==========

Ageing and age-related neurodegenerative disorders such as Alzheimer are associated with behavioral impairment that causes significant morbidity. The most important candidates responsible for producing the neuronal changes mediating these problems are free radicals and the oxidative stress.\[[@ref21]\]

Preventing formation of free radicals or removing them may be beneficial in prevention and treatment of neurodegenerative disorders.\[[@ref22]\]

Green *Ocimum basilicum* hydroalcoholic extract was used in passive avoidance step down model to evaluate memory retention and retrieval of mice. The results obtained in the present study show that different doses of green *O. basilicum* increased memory retention and retrieval significantly (*P* \< 0.05).

Our findings are in agreement with earlier studies on other spices of *Ocimum*. Dokania *et al*. (2011)\[[@ref23]\] revealed that i.p injection of *O. sanctum* water extract enhanced memory in mice by its antioxidant activity. It has also been reported that *O. sanctum* hydroalcoholic extract enhanced memory in restraint stress induced memory impaired rats,\[[@ref24]\] also, *O. tenuiflorum* ethanol extract increased step-down latency significantly.\[[@ref25]\]

Further, We know that ethyl acetate extract of *O. basilicum* administration before global cerebral ischemia prevents cerebral ischemia-induced impairment of short-term memory\[[@ref18]\] and this plant is effective in reducing oxidative damage which is attributed to its anti-oxidant properties.\[[@ref26]\]

Literature surveys have showed that *O. basilicum* contains a high level of antioxidant activity,\[[@ref27]\] which is attributed to the terpenoids, polyphenols and flavonoids like quercetin, kaempferol and myricetin; tannins like catechin,\[[@ref11]\] and essential oil like eugenol and methyl chavicol.\[[@ref28]\]

On the basis of results of this study, we believe that improvement of memory retention and retrieval by *sweet basil* extract may be due to the presence of antioxidants such as terpenoids, flavonoids and tannins, and their property to scavenge reactive oxygen species. So we suggest that *O. basilicum* could be useful clinically in improvement of memory.

In conclusion, this study provides experimental evidence for *O. basilicum* as an agent which improves memory and emphasizes the need to understand more fully the neuropharmacological effects of *O. basilicum*.
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